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In the previous paper the writer reported on the use of fixatives containing 
double metallic haloids for the fixation of mucosubstances (MoTOMURA 1960). 
For the electron microscopic study, the buffered osmium tetroxide solution is well 
known as an excellent fixative for an investigation of the cytoplasmic structure 
(P ALADE 1952). Osmium tetroxide alone is, however, not useful for the fixation of 
mucosubstances, and tends to swell the structure containing the mucosubstances 
{MoTOMURA 1941). Photomicroscopic observations suggest the presence of muco-
substances in the cell, especially in the .embryonic tissues. Accordingly, it is 
evident that the fixative for the mucosubstance must be developed in the direction 
to use it for the fixation of the electron microscopic materials. 
The present paper deals with the results of comparison of the fixatives designed 
by the writer for the fixation of mucosubstances. 
i 
DESIGNS OF FIXATIVE 
BourN's fixative is commonly ·used in cytology as well as in histology. As 
pointed out by LEE (1928 p. 63), "we consider this to be for most. purposes the most 
valuable fixative yet made known. We have satisfied ourselves that the 
proportions are exactly what they should be and cannot be changed without hurt. 
The penetration is great, the fixation equa hie, delicate detail well preserved, staining 
qualities admirable". BRETsoirnEDIER (1950) carried out a comparative study 
on the effect of fixation on the fine structure of the cytoplasm of the meristem cell 
of the root-tip cell in the onion by using 15 kinds of fixatives, and concluded that 
Os04 in combination with chromic acid and potassium bichromate, as in CHAMPY's 
flnid and KoPSOH-REGAUD's fluid, was the most excellent fixation for the electron 
microscopic investigation of the cell. In the second place are the pure solutions of 
formal and OsO 4 for animal celle and in the third place the fixation fluid of BourN 
and HERRY is favorable. · After fixation with BourN's flnid the fine structure of the 
. plasma was nearly the of same size as the CHAMPY's or KoPSOH-REGAun's flnid, 
measuring 160X160A, and it showed the tendency of shrinkage and clumping in 
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case of BourN's fluid. 
For the fixation of mucosubstance, especially the cortical granule of the sea 
urchio egg, for iostance, fixatives containing acetic acids, snch as BourN's or 
CARNOY's fluid, tend to swell the structure. By puttiog cadmium nitrate instead of 
acetic acid, the swelliog of the cortical grimule .is avoided, without losing the power 
of penetration (No. 1 in Fig. 1). No. 1 fixative. preserves, further, the third factor 
for the tougheniog of the fertilization membrane and nuclear structures (MoTOMURA 
1957) .. On the other hand, this fixative. does not.preserve the jelly coat, which is 
supposed to be a kiod of acid mucopolysaccharide io the sea urchin egg . 
. Mter several efforts . to change the . composition of the fixative contaioiog 
cadmium nitrate; the writer took riote of that the mucosubstance can easily be 
precipitated by adding potassium· iodide to the cadmi11m nitrate solution in a ratio 
of two to one· mol. This is No.· 2 .fixative, which 'is afterwards improved to No. 3 
fixative, by usiog cadmium iodide alone, because the effective component of those 
two fixatives are assumed to be the complex salt of cadmium iodide, probably Cd ++ 
and Cdi4--. For the purpose, a mixture of' cadmium nitrate and formalio is not· 
effective to precipitate mucosubstances. By ailding two times of potassium iodide 
of the molar concentration. of cadmiun nitrate, muc.osubstances · are readily 
precipitated at pH 2 to. 9. Cadmium iodide alone forms the precipitate ·of the 
mucosubstance at the above mentioned range of pH. Accordiogly, the fixations of 
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the mucosubstance with No. 2 and No. 3 are the same in principle; although. the 
former contains potassium and nitrate ions in excess. · 
For the photomic~oscopic observation No. 2. and No.· 3 fixatives are equally 
useful, preserving PAS positive mucosubstances such as the jelly coat of the sea 
urchin eggs and the mucosubstance at the site of the cleavags plane in the frog's 
egg (MoTOMURA 1960). In the electron microscopic observation the No. 3 fixative 
preserves the structures of the cortical granules, the cell membrane and the jelly 
coat, but is less penetrative in comparison with No. L 
To increase the power of penetration, the·writer designed No. 5 fixative; In 
1959 the writer and KuBOTA advocated· the use of potassium mercuric iodide for 
electron microscopy. The substance has been originally used by the writer for 
fixing vitally stained azo-dyes, as it is penetrative in comparison with phospho, 
tungstic acid, which is known as the fixative of basic azo-dyes and as the alkaloid 
precipitant. In case of No. 5 fixative, the powder of mercuric iodide is dissolved 
into the cadmium iodide solution containing formalin, to avoid the increase of 
the osmotic pressure in the presence of excess ions with no effect for. fixation. Thus, 
the writer obtained a fixative with· a strong penetrating power. It preserves the 
mucosubstance, the structure. of. the nucleus and the cytoplasmic inclusions such 
as the mitochondria. In the electron microscopy, the structure of the cortical 
granule as well as the jelly coat of the sea urchin egg is well preserved, although 
the cytoplasm showed the tendency of shrinkage (MoTOMURA 1950). In No. 6 
fixative the pH of.the solution is controlled•by using the buffer solution made by dis-
solving 0.5g of•·veronal and 0.6 g sodium diethylbarbiturate in 100 ml of distilled 
water. The results of fixation were nearly the same in No .5 and No. 6 fixatives. 
Accordingly, No. 5 or No. 6 fixative must be diluted for· a proper fixation. 
The solution of iodine in potassium iodide is well known to be an excellent 
fixative for Protozoa and leucocytes of invertebrates,.preserving the-natural shape 
of the pseudopodia (GooDRICH 19i9). By putting iodine in No .. 3 fixative the 
tendency of swelling in No. 3 is inhibited. Tliis is No.7 fixative. Tlius, the writer 
obtained. good results in photomicroscopic as well as. in electron. microscopic 
objects (MOTOMURA 1960 and 1960). . . 
No. 8 or No. 9 fixative is designed by adoptiog the ideas of No. 1 and No. 5, 
or No. 1. and No. 3 respectively. The latter is superior. to the former in preserviog 
the structure of the cortical granule without shrinkage (MoTOMURA 1963 in press). 
In No. 10 fixative manganese iodide is nsed iostead of cadmium iodide of No. 
8 fixative. No. 10 fixative has not been used in the electron microscopic material, 
though it shows good penetration and staioability io photomicroscopic observation. 
No. 4 fixative is designed on the basis of the idea different from the above men-
tioned nioe fixatives. In the PAS reaction periodic acid is used as an oxidant which 
breaks the C-C bonds io various structures. The particular property of periodic 
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acid, which renders it immeasurably superior to other reagents commonly used in 
histochemistry for oxidation of 0-Q bonds (KMn04, H 20r04, H 20 2), is that it does 
not further oxidize the resulting aldehydes and these can, therefore, be localized 
by combination with SCHIFF's reagent to give a substituted dye which is red in 
color. The ·same result is obtained by using p-sodium periodate in acetic acid, 
instead of the periodic acid solution containing sodium acetate (MoTOMURA 1960a). 
The material fixed with No. 4 fixative can be made in paraffin sections, which is 
stained directly with ScHIFF's reagent after removing the paraffin. The material 
must be imbeded in paraffin within a week, because after that the PAS reaction 
becomes negative. In the electron microscopic observation of the sea urchin egg, 
the fine structure of the cortical granule is faithfully preserved with No. 4 fixative 
(MoTOMURA l960b). Other fixatives related to No. 4 should be developed in the 
future. 
A nature common to the above mentioned ten fixatives is the solubility in 
alcohol, which is used for dehydration before imbedding either in paraffin or in 
methacrylate. Those fixatives are miscible with alcohol in any proportion. This 
makes it possible to put the material directly into alcohol, omitting washing out 
with water before bringing it into alcohol. However, as the long keeping in alcohol 
is harmful, the material must be kept rather in the fixatives. 
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